Measuring device and drilling apparatus for: doep wells 



The present invention relates to 3. measuring device 
according to the pr eoharact er i z; ing clause of Claim 1 
5 and a drilling apparatus according to Claim 16. 

EP O 102 672 Bl has disclosed a measuring device for 
connection to a drill column for deep wells, having an 
electricall.y operated measuring unit for measuring 

lO relevant data,, the measuring device being designed -for 
supplying electrical energy via the drill column. The 
measuring device converts soil properties into 

electrical signals and is driven into the soil for soil 
investigations. Owing to the arrangement of the 

15 measuring device provided at the end of the drill 
column, with the known measuring device only measured 
data can k>e recorded which relate to the soil region 
surrounding the measuring head at the end of the drill 
column. It is not possible with the known measuring 

20 device to record measured data above the loot torn of the 
borehole - 

One object of the present invention is to develop a 
measuring device according to the prechar act eri zing 
25 clause of Claim 1 . 

The abovement ioned object is achieved by the 

characterizing features of Claim 1, 

30 Xn principle, the measuring device can be provided at 
any desired point in the drill string* The measuring 
device can be arranged directly adjacent to the bit 
unit, with the result that measured values can be taken 
from the bottom of the borehole. The arrangement of a 

35 plurality of measuring devices in one drill string is 
also easily possible- In order to measure relevant 
data, the measuring device is supplied with electrical 
energy via the drill column. In the same manner, the 
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data transfer or signal transfer "takes place from the 
measuring device to tine surface . In this case , an 
evaluation device is provided at the surface , the 
measuring device being electrically coupled to the 
5 evaluation device. In this case, the electrical 
coupling: is used firstly for the data transfer or 
signal transfer from the measuring device to the 
surface and can secondly also be used for the transfer 
of control commands . 

lO 

The measuring device has a stable outer housing for 
accommodating and thus protecting the individual 
functional units - In order for it to be possible for it 
to be integrated in the drill column or the drill 
15 string or to Joe connected to parts of the drill string, 
the housing has screw connections at both of its ends . 
The screw connections should preferably have an 
internal thread such that the housing corresponds to a 
bush from a connection point of view. 

20 

The functional units of the measuring device may have 
an associated transformer, in particular a voltage 
transformer, which converts the measured signals 

recorded by the measuring unit such that the converted 

25 signals, which may have a different frequency from the 
electrical energy supplied, are correctly identified by 
the evaluation device. Moreover, the evaluation device 
may also be designed such that the measured signals are 
derived from the energy consumption of the measuring 

3 0 unit . 

Depending on the application, the measuring unit can 
have a plurality of measuring instruments for the 
purpose of recording various data. In this case, in 
35 principle all of the known measurement and/or analysis 
methods can be used, in which case it goes without 
saying that a correspondingly robust design is provided 
in terms of the conditions in the borehole. Moreover, 
the individual measuring instruments may be of modular 
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design, with the result that, i f necessary, one 
measuring instr u merit can be replaced by another 
measuring instrument if the measuring device 
for a different application. 

5 

in principle it is possible for the sensors of the 
measuring unit to t>e provided on the outside on the 
housing, with the result that the measured values are 
taken from the medium which flows past the housing on 

lO the outside. In order to protect the measuring unit and 
in particular the sensors or measured value pickups, 
however, a possible solution is to provide the sensors 
in a flow path within the housing. In order to guide 
the medium under investigation past the sensors of the 

1.5 measuring unit, at least one electrically operated pump 
is provided which is connected in terms of flow to the 
measuring unit- In this context, it is favourable then 
to provide an electrically operated two— way valve 
adjacent to the measuring unit in order to divert the 

20 medium under investigation, if necessary, either into 
the annular space or else into the drill column. 

In connection with the abo ve— de s cr ibed pump, a possible 
solution is to provide at least one filter and/or 

25 valves. A filter connected upstream makes it possible 
to largely prevent the pump and/or the sensors from 
being adversely affected. Owing to upstream valves, the 
flow path to the pump can be sealed, which is important 
if, for certain reasons, no measurement is intended to 

30 be carried out and no medium is intended to reach the 
measuring device . 

While the invention makes it possible to take measured 
values during drilling, in principle it is also 
35 possible to interrupt the drilling operation for a 
short period of time and to take samples of the medium 
in the region of the bottom of the borehole. For this 
purpose, the measuring device has an electrically, in 
particular elect r ohydr aul i oa 1 ly , operated packer. The 
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packer is provided for tine purpose of dividing the 
annular s pace into a section above the packer and a 
section beneat h trie packer. X ri this case, the two 
sections are virtually sealed off- In the inserted 
5 state, the packer does not protrude beyond the housing 
or only protrudes beyond the housing to an 

insignificant extent . In the withdrawn state, the 
packer b ears against the wall of the borehole . In order 
to achieve a virtually sealing function, the packer has 
lO a plurality of packer segments, which at least 
partially overlap one another at least in the inserted 
state . 

In order to take a sample once the packer has been 
15 withdrawn, it is necessary to interrupt the circulation 
of the oorehole mud. Owing to the fact that the mud is 
at a standstill, floating particles, which . are 

constituents of the mud, may sink and become deposited 
on the upper side of the packer. This can lead to 
20 difficulties when reinserting the packer. In order to 
eliminate this problem, an in particular electrically 
operated lubricant supply device is provided above the 
packer, by means of which a layer of lubricant is 
applied to the upper side of the packer segments in the 
25 withdrawn state of the packer segments or when the 
packer segments are being withdrawn. The layer of 
lubricant In this case acts firstly as a protective 
layer and secondly as a sliding layer, which favours 
reinsertion of the packer into the housing. 

30 

If, in the withdrawn state of the packer, the borehole 
mud sinks in the upper part, considerable loading of 
the packer may result . For this reason, the invention 
provides for the pump to be designed to lower the level 
35 of the annular space beneath the packer in the 
withdrawn state of the packer. In this content, the 
inflow opening of the housing into the measuring device 
is In this case provided beneath the packer, while the 
outflow opening in the housing Is located above the 
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packer . 



Owing to the various drive pos sibiii t i e s , a pos s ib 1. e 
solution is to provide an electrically operated control 
5 unit for the purpose of driving the functional unit s , 
as necessary . The control unit,, if necessary, is driven 
at the surface via the evaluation device, in which the 
measured values are displayed^ evaluated and processed. 

lO 7\ generator which is provided at the surface is 
generally used for supplying energy to the measuring 
device. In order to ensure operation of the measuring 
device even in the event of operational faults of the 
generator, the measuring device has an energy store for 

15 an emergency power supply. Finally, this energy store 
is a rechargeable battery provided in the housing. 



Exemplary embodiments of the invention will he 
described below with reference to the drawing, in 
20 which: 

ITigure 1 shows a schematic view of a drill column 
introduced into a borehole, 

25 Figure 2 shows a schematic view of the pipe end of a 

drilling pipe, 

Figure 3 shows a schematic view of part of a bush , 

30 Figure 4 shows a cr os s — sect iona 1 view of part of a 

drilling pipe, 

Figure 5 shows a detailed view of part of a drilling 
pipe, 



35 



Figure <5 shows a detailed view of a bush. 



Figure 



7 



shows a schematic partial view of a drilling 
pipe which has been screwed into a bush, and 
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Fi y tir e 8 shows 3 schematic vie w of a measuring device 
according to trie invention. 



5 Figure 1 shows a schematic illustration of a drilling 
apparatus 1- The drilling apparatus 1 has a drilling 
head 2 which is arranged at the surface and a drill 
column 3 r which is located in a borehole 4 in the 
drilling state. A. bit unit 5 is located at the lower 

IO end of the drill column 3, In the exemplar y embodiment 
illustrated, a measuring device 6, which is connected 
to an evaluation device 8, which is located at the 
surface, via a conductor 7, is located directly above 
the bit unit 5, The measuring device & rctakies it 

IS possible to record measured values during drilling 
which can then be evaluated directlv via the evaluation 
device 8 - 



The drill column 3 itself in this case comprises a 
20 large number of alternately arranged drilling pipes IO 
and bushes 11. Drilling pipes IO of the type in 
guestion may have a length of up to IO m or longer, 
while the drilling column 3 for deep wells may have a 
length of several thousand metres . 

25 

Figure 2 and the detailed illustration shown in Figure 
4 illustrate part of a drilling pipe IO . The drilling 
pipe IO has a drilling pipe body 12 made from an 
electrically conductive material. Provision is now made 

30 for at least one electrical pipe conductor 7a to be 
passed through the drilling pipe body 12, said 
electrical pipe conductor 7a being connected at the 
end, to be precise at both ends, to a pipe contact 
connection 13 provided on the drilling pipe body 12, 

35 the pipe conductor 7a and the pipe contact connection 
13 being electrically insulated from the drilling pipe 
body 12. As in shown in particular in Figure 4, the 
pipe conductor 7a is fixed to the pipe inner side 14 . 
For this purpose, a longitudinal groove 15 for the pipe 



conductor 7a is provided on the pipe inner side 14 , In 
this case, the groove 15 is dovetailed. In principle, 
however, any other groove shape is also possible . The 
groove 15 runs parallel to the centre axis of the 
5 drilling pipe lO, The depth of the groove 15 is in this 
case greater than the outer diameter of the pipe 
conductor 7a, The pipe conductor 7a is held in the 
groove 15 by means of an insulation 1 6 . In addition to 
its fixing function,, the insulation 16 also has an 

lO electrically insulating function. In addition to the 
insulation 16, the pipe conductor 7a has a conductor 
insulation 17, which extends over the entire length of 
the pipe conductor 7a. 2\s can further be seen in figure 
4, an electrical Insulating layer 18 is vapour— 

15 deposited over the entire surface of the pipe inner 
side 14 and also covers the groove 15 and thus the pipe 
conductor 7a. The insulating layer IS is applied over 
the entire surface of the pipe inner side 14 . 

20 The pipe contact connection 13 Is provided on the end- 
side front face 19 of the pipe end of the drilling pipe 
lO. In this case, It goes without saying that in each 
case a corresponding pipe contact connection 13 is 
provided at both ends of the drilling pipe body 12, 

25 even if this Is not described In any more detail below. 
The pipe contact connection 13 is of circumferential 
design and has the form of a contact ring. Moreover, 
the pipe contact connection 13 is arranged on an 
insulating ring 20 resting on the front face 19, The 

30 insulating ring 20, which Is made from an elastic 
material, has an annular groove 21 for the purpose of 
accommodating the pipe contact connection 13. In this 
case, the annular groove 21 is deeper than the height 
of the pipe contact connection 13, 

35 

Moreover, the pipe contact connection 13 is in this 
case spring— loaded in the direction away from the front 
face 19, namely in the direction, towards the bush 11 to 
be connected to the drilling pipe lO . 
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2\ pin 22, on which an external thread 23 is provided, 
is located at trie two pipe ends of the drilling pipe 
1 0 . A step 24, which merges at its end with the pipe 
5 outer side 25, is located between the pins 22 having 
the external thread 23. 7\ circumferential seal 26, 
which in this case is an O ring, is located at the 
transition between the step 24 and the external thread 
23. Instead of the seal 2 6, or in addition to said 
lO seal, a ring seal can also foe arranged on the step 24 . 

Figure 4 and the detailed illustration shown in Figure 
6 show part of a bush 11, The bush 11 has a bush foody 
27 made from an electrically conductive material. An 

IS electrical bush conductor 7b is passed through the bush 
body 27 and is connected at the end, to be precise at 
both ends of the bush body 27, to bush contact 
connections 28, even if this is not specifically 
illustrated. The bush conductor 7b and the bush contact 

20 connections 28 are electrically insulated from the bush 
foody 27. 

The bush conductor 7b is fixed to the bush inner side 
29. For this purpose, a longitudinal groove 30 is 

25 provided on the bush inner side 29 of the bush body 27. 

The groove 30 has the same design as the groove 15. 
Moreover, the groove 30 runs parallel to the centre 
axis of the bush 11. The illustration does not show the 
fact that the bush conductor 7b is cast into the groove 

30 30 via an insulation and is moreover sheathed by a 
conductor insulation. Furthermore, an electrical 

insulating layer 31 is vapour — depos i t ed onto the bush 
inner side 29, as is also the case for the pipe inner 
side 14, said insulating layer 31 also covering the 

35 bush conductor 7b. 



Z\ £3 can be seen in particular in Figure €> , the bush 
contact connection 28 is provided on a front— side 
shoulder 32. The shoulder 32 is located between the 
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int e rna 1 thread 33 and tine b u s h inner side 29. Trie bush 
contact connection 28 is ox circurrif erentia .1 design and 
is arranged on an insulating ring 20 resting on the 
shoulder 32 . The insulating ring 20 corresponds in 
5 terms of type and design to the insulating ring 20 
provided on the drilling pipe 1 0 , i.e. has an annular 
groove 21 for the purpose of accommodating the bush 
contact connection 28, the annular groove 21 being 
deeper than the height of the bush contact connection 

lO 28 , Moreover, the bush contact connection 28 is spring- 
loaded in the direction away from the shoulder 32 . The 
spring-loading may be designed as regards the contact 
connections 13, 28 such that one or more springs, for 
example small helical compression springs, act on the 

15 respective underside of the contact connection . 

Furthermore, spring tongues may be provided on the 
respective contact connection* The spring tongues can 
in principle point inwards and/or outwards, in which 
case outwardly pointing spring tongues can then 

20 protrude beyond the actual contact connection and cause 
the electrical contact to be made . 

In this case, a cir cumf er ent ial seal 35 is located on 
the outer front face 34 of the bush body 27 . The outer 
25 front face 34 is located between the internal thread 3 3 
and the bush outer side 3 6 . 

The drilling pipes lO and bushes 11, as described 
above, in conjunction with the pipe conductors 7a and 

30 bush conductors 7b result in a two— pole energy and data 
transmission system via the drill column 3. in this 
case, one pole is formed by the drill column body, 
which comprises the drilling pipe bodies 12 and the 
bush bodies 27, while the other pole is formed by the 

35 conductor 1 r which comprises the pipe conductors 7a and 
the bush conductors 7b as well as the contact 
connections 13 and 2 8. The system according to the 
invention moreover provides the advantage that the 
drill column 3 and thus the two poles can be extended 
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3 s desi r od since, owing to a drilling pipe IO b eing 
screwed to a bush 11, the electrical connection is 
formed vis. the contact connections 13, 28 on trie one 
hand and via the material of the drilling pipe body 12 
5 and the bush body 27 on the other hand. 

Energy is supplied to the conductor 7 and data tapped 
off from it via a slipring collector (not i 1 Ins t r at ed ) , 
which is provided on the first drilling pipe IO . The 
IO slipring collector is connected to the pipe conductor 
7a and insula t e a 1 from the drilling pipe body 12. The 
slipring collector is in turn connected to the 
evaluation device 8 r while the drill column body forms 
the connection to earth. 

15 

Figure 8 shows a schematic' illustration of the 
measuring device 6. In this case, the measuring device 
6 is connected to the last drilling pipe IO of the 
drill column 3. in this case, the measuring device 6 

20 has an electrically operated measuring unit 4 O , with 
which it is possible to measure relevant data on the 
state of the rock:, the drilling mud or the raw material 
to be obtained. The measuring device & is in this case 
supplied with electrical energy via the above -de scribed 

25 conductor 7. in this case, it goes without saying that 
the measuring device 6 has a contact connection 
corresponding to the contact connections 13, 28 and an 
extension of the conductor 7, even if this is not 
specifically illustrated. 

30 

The measuring device <S has an outer housing 41, in 
which the measuring unit 40 and further functional 
units are accommodated, which functional units will be 
explained in more detail below. The housing 41 has in 
33 each case screw connections 42, 43 at its two ends for 
connection to the drill string and the bit unit 5 . The 
screw connections 42, 43 correspond to those of the 
bush 11. However, reference will be made to the fact 
that, in principle, it is also possible for other screw 
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connections to be provided, in p ea r ticula r even "those 
having an external thread . Finally, it is merely 
critical that the measuring device 6. can toe integrated 
in the drill column 3 . 

5 

The measuring device S has a transformer 44 if o r the 
pu r po s e of converting measured signals recorded via the 
measuring unit 40 for s ub sequent transfer to the 
evaluation device 8 . The illustration does not show the 

lO fact that the measuring unit 40 may have a plurality of 
different measuring instruments for recording a wide 
variety of data relating to the relevant medium. The 
individual measuring instruments should Joe of modular 
design, with the result that, if necessary, it is 

15 possible to replace measuring instruments. In the 
exemplary embodiment illustrated, the sensors or the 
measured value pickups are provided in the flow path 45 
within the housing 41 . In principle, however, it is 
also possible for the measured value pickups to be 

20 directed outwards into the annular space via outer 
openings in the housing 41 . 

Furthermore, an electrically operated pump 46 is 
provided which supplies the medium under investigation 

25 to the measuring unit 40 via the flow path 45, Z\n 
electrically operated valve unit 47 having at least one 
two— way valve is provided above the measuring unit 4 0 
in order to divert the medium under investigation, if 
necessary, into the annular space or else via the drill 

30 column 3. F'o r this purpose, corresponding outflow 
openings 48 are provided in the housing 41. In this 
case, at least one filter 49 and a valve unit 50 are 
connected upstream of the pump 46. The valve unit 50 is 
used for sealing inflow openings 51 provided in the 

35 housing 41. 



Furthermore, an e lect rohydr au li c packer 
The packer 52 has a plurality of packer 
are not illustrated in any more detail. 



52 is provided- 
segments, which 
In the inserted 
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state of the packer 52, which ±s illustrated in ITigure 
8 , the packer segments at least partially overlap) one 
another. The packer 52 is overall , designed such that, 
in the withdrawn state, it divides the annular space 
5 into an upper and a lower part and in the process at 
least substantially seals off these sections. Directly 
above the packer 52 is a lubricant supply device 5 3, 
which is used for applying a layer of luoricant to the 
upper side of the packer segments in the withdrawn 
lO state. The luoricant supply device 53 can be operated 
electrically or else mechanically. The mechanically 
operated luoricant supply is preferably mechanically 
coupled to the packer 52 if the luoricant supply is 
actuated when the packer segments are bei n cj withdrawn, 

15 

F"ur thermor e r the measuring device 6 in this case has a 
control unit 54 for driving the individual functional 
units and an energy store 55, as necessary. 

20 Moreover, it goes without saying that the 

aoo vement ioned functional units do not necessarily need 
to oe arranged in the sequence illustrated. A.S long as 
the operation of the measuring device 6 is not called 
into guestion, other arrangements can also be selected. 

25 However, it is necessary to take care that the packer 
52 is located between the lower inflow openings 51 and 
the upper outflow openings 4 8 in order to make it 
possible to lower the level of the annular space 
beneath the withdrawn packer 52 via the pump 46, 

30 

Moreover,. a string section, which forms the flow path 
45 and has a through— openi ng which communicates with 
the drill column 3 or the opening therein and the bit 
unit 5, is located in the housing 4h. Moreover,. the 
35 outflow openings 48 and the inflow openings 51 
communicate with the string section forming the flow 
path 45. In this case, a nonreturn valve 56, which 
closes the through — openi ng , is located at the end of 
the string section. Said nonreturn valve 56 has an 
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electric d r ± v e (not illustrated) . 

TMo detailed illustration is p rovide ci to snow that the 
individual functional units of the measuring device . 6 
5 are electrically connected to the two above-de scribed 
poles,. which makes electrical ene rqy supply and, as far 
3 s the measuring unit 40 or the control unit 54 are 
concerned, data e xchanqe with the evaluation device 8 
pos s ibl e . 

lO 

Instead of the above— de scribed embodiment , in which the 
drill string is open in the housing 41 of the measuring 
device 6 r it is in principle also possible for the 
measuring device G to have a passage pipe section, 

15 which is connected either at both ends or else at one 
end to the drill column and at the other end to the bit 
unit 5- The medium is then passed through corresponding 
flow paths through the housing and in the process also 
past the measuring unit 40 for analysis purposes. In 

20 this case too, provision may he made for the already 
measured medium to either be output to a drill string 
or else into the annular space, A corresponding valve 
unit which opens into the drill string is required in 
this case . 

25 

The invention makes it possible to measure the state of 
the medium in the borehole continuously prior to, 
during and after drilling. The data can be evaluated 
immediately in the evaluation device 8 - Hydrological 

30 changes, for example, during drilling are thus 

identified without delay and sampling is also 
immediately possible. F*or this purpose, in the 

embodiment illustrated the nonreturn valve 56 closes 
off the drilling pipe at the bottom while the packer 52 

35 is being withdrawn. The pump 4 6 then conveys the 
medium, once the outflow openings 4 8 have been closed 
by means of the valve unit 47, through the drill string 
to the surface - 



